We propose a binary plasmonic method to design the binary plasmonic structure (BPS), which is used to launch surface plasmon polaritons (SPPs) to a desired pattern. The BPS is composed of binary pixelated grooves. When a plane wave illuminates the BPS perpendicularly, the relative phases of the launched SPPs are determined by the positions of the grooves, which are designed by a simulated annealing algorithm. Here, we obtain single, three, and five SPP focal spots along the line parallel to the BPS, respectively, and three focal spots, which are located at the apexes of a triangle. . We also proposed a SPP launching diffraction grating to convert the far-field incoming light into multiple near-field SPP focal spots [8] . However, a more common question is how we can obtain an arbitrary defined SPP pattern. It is of importance because the plasmonic coupler has to be designed according to a particular plasmonic chip. In this Letter, the concept of binary plasmonics is proposed by referring to the traditional binary optics, which is used to design the binary plasmonic structure (BPS) to meet this need. A simulated annealing algorithm is used to design the positions of the binary pixelated grooves in the BPS. A typical working geometry of a BPS is schematically shown in Fig. 1 , where L b is the length of the BPS, L p is the size of the sampling area where the desired SPP pattern is sampled, and F is the working distance from the BPS to the desired SPP pattern. It is not necessary to limit the sampling area to a single line, and we can sample along multiple lines with different working distances. The BPS is composed of binary pixelated grooves along the y axis fabricated on metal film with dimensions along the x and the y axes given by w = SPP / 2 and ⌬x, respectively. The position differences of the grooves along the x axis determine the phase step. Here, we set a phase step of , and there are two positions along the x axis: P 1 = 0 and P 2 =− SPP / 2. When the incident plane wave polarized along the x axis illuminates the BPS perpendicularly (along the −z axis), SPPs that launched at the grooves with the same initial phase will have a phase difference of for the two position values P 1 and P 2 . The contribution from each pixelated groove ⌬U i to the complex amplitude of the desired SPP pattern at each sampling point is given by ⌬U i Ϸ U i ⌬x, where U i is the field of the SPP point source whose complex phasor form is described by Eq. (4) in [9] . The resulting field at any point of the desired SPP pattern can be obtained by adding up the entire field launched at the grooves and taking into account its phase and amplitude. The random combination of those grooves with any of the two position values forms a SPP phase launcher as the binary phase plate does in traditional binary optics. The number of grooves that the BPS contains is n = L b / ⌬x and there are N =2 n possible groove combinations. Here, a simulated annealing algorithm [10] is used to pick out the optimized combination from those N combinations.
Surface plasmon polaritons (SPPs), which are electromagnetic waves that propagate at the interface between a dielectric and a conductor, offer a solution to the plasmonic chips that allow controlling light in subwavelength scales [1] . Plasmonic chips will contain multiple input and output ports, which need to be connected to conventional diffraction-limited photonic devices by plasmonic couplers [2] . So far, several structures have been designed to achieve this purpose by circular [3] or elliptical structures [4] , hole arrays [5] , nanodot arrays [6] , or a Fresnel zonelike SPP launching lens [7] . We also proposed a SPP launching diffraction grating to convert the far-field incoming light into multiple near-field SPP focal spots [8] . However, a more common question is how we can obtain an arbitrary defined SPP pattern. It is of importance because the plasmonic coupler has to be designed according to a particular plasmonic chip. In this Letter, the concept of binary plasmonics is proposed by referring to the traditional binary optics, which is used to design the binary plasmonic structure (BPS) to meet this need. A simulated annealing algorithm is used to design the positions of the binary pixelated grooves in the BPS.
A typical working geometry of a BPS is schematically shown in Fig. 1 , where L b is the length of the BPS, L p is the size of the sampling area where the desired SPP pattern is sampled, and F is the working distance from the BPS to the desired SPP pattern. It is not necessary to limit the sampling area to a single line, and we can sample along multiple lines with different working distances. The BPS is composed of binary pixelated grooves along the y axis fabricated on metal film with dimensions along the x and the y axes given by w = SPP / 2 and ⌬x, respectively. The position differences of the grooves along the x axis determine the phase step. Here, we set a phase step of , and there are two positions along the x axis: P 1 = 0 and P 2 =− SPP / 2. When the incident plane wave polarized along the x axis illuminates the BPS perpendicularly (along the −z axis), SPPs that launched at the grooves with the same initial phase will have a phase difference of for the two position values P 1 and P 2 . The contribution from each pixelated groove ⌬U i to the complex amplitude of the desired SPP pattern at each sampling point is given by ⌬U i Ϸ U i ⌬x, where U i is the field of the SPP point source whose complex phasor form is described by Eq. (4) in [9] . The resulting field at any point of the desired SPP pattern can be obtained by adding up the entire field launched at the grooves and taking into account its phase and amplitude. The random combination of those grooves with any of the two position values forms a SPP phase launcher as the binary phase plate does in traditional binary optics. The number of grooves that the BPS contains is n = L b / ⌬x and there are N =2 n possible groove combinations. Here, a simulated annealing algorithm [10] is used to pick out the optimized combination from those N combinations.
The simulated annealing algorithm is a wellknown numerical optimization method that has been widely used in traditional binary optics. Here, we perform it as follows: (1) Every pixelated groove is initialized by a random position value of P 1 or P 2 . A relatively high temperature value T high (T high = 10.0 in our calculation) is set, and the cost function E old is calculated.
(2) The position value of a random groove is changed to the other values of P 1 or P 2 , and the cost function E next is obtained.
(3) If ⌬E Ͻ 0 ͑⌬E = E next − E old ͒, then the change is accepted. Otherwise, the case ⌬E Ͼ 0 is treated probabilistically: a random number distributed in the interval (0,1) is picked out to compare with the probability P͑⌬E͒ = exp͑−⌬E / T͒. If it is less than P͑⌬E͒, then the change is accepted; if not, it is rejected [10] . (4) Steps (2) and (3) are then repeated 1000 times at a given temperature, which can make the cost function stable and the calculating time is not too much.
(5) The temperature is slowly decreased, and steps (2)- (4) are repeated with the next temperature. The cooling rate is given by T k+1 = ␣T k , where T k is the present temperature, T k+1 is the next one, and ␣ is a constant cooling factor distributed between 0 and 1. Here, ␣ = 0.9. The algorithm terminates when the number of the total accepted pixels at current temperature is less than 1. Then the optimized groove combination is finally found.
For a meaningful solution to be obtained, the sampling space ⌬s must be within the diffracting limitation of the structure, which is related to L b , the working distance F, and the wavelength of the SPP SPP by ⌬s Ϸ SPP F / L b . The groove size ⌬x must be small enough to diffract SPPs to all parts of the pattern area, which is determined by ⌬x Ϸ SPP F / ͑2L p ͒. Here, the constant 2 in the denominator corresponds to the phase step .
First, we design a BPS to generate a SPP focal spot with a working distance of F =30 m. The exciting wavelength is 830 nm, which corresponds to the SPP wavelength of 814 nm. The schematic structure of the BPS is shown in Fig. 2(a) with ⌬x = 300 nm and L b = 39.6 m. Here, the sampling space is ⌬s = 600 nm and the sampling length is L p =36 m, so there are 61 sampling points in total. We set the focal spot situated in the middle of those sampling points; therefore, the BPS is symmetric about the x axis and only 31 points need to be calculated. In this case, the cost function is set to be E = ͉I focus / I total − d ͉, where I focus is the SPP intensity of the focal spot, I total is the total SPP intensity of all the sampling points, and d is the desired percentage. To excite the SPP effectively, another two layers with the same structures are placed beside the first one to form a grating structure with period SPP [11, 12] and the groove-to-pitch ratio of the grating is 0.5 [13, 14] . Figure 2 (b) shows a part of the electron micrograph of the three-layer BPS, which is fabricated using a focused ion-beam milling system on a 50-nm-thick gold film thermally evaporated onto a glass substrate.
The experimental setup to detect the SPP pattern is the same as in [8] . The inset of Fig. 2(d) shows the detected SPP image of this BPS. The designed sampling line crosses the lower focal spot, and there is another focal spot on the top due to the symmetry. Figures 2(c) and 2(d) are the calculated and the experimental image frames around the focal area, respectively. The numerical result of the twodimensional SPP intensity is obtained using the same method discussed above, which is used to calculate the intensity on the sampling line. It is shown that the theoretical results accurately account for the features seen in the experimental image, which means that the method discussed above is adequate to design binary plasmonic devices. The experimental and the theoretical transverse and longitudinal intensity profiles through the focal spot are shown in Fig. 2(e) . The experimental transverse and longitudinal FWHMs are 755 and 4381 nm, respectively, which agree with the theoretical values of 670 and 4369 nm, respectively. The FWHM depends on L b and F, namely, the NA of the BPS, and decreases with the increase in NA.
We also design BPSs to obtain three focal spots with equal intensity and five focal spots with unequal intensity, which are schematically shown in Figs. 3(a)  and 3(b) , respectively. Here, ⌬x = 300 nm, L b = 39.6 m, and the working distances are 30 and 20 m, respectively. The separations between adjacent focal spots are 9 and 6 m for the two cases. The Other than sampling the desired SPP pattern along a single line parallel to the y axis, we can sample along two lines with different working distances. Figure 4 (a) shows schematically such a BPS, which can obtain three focal spots situated at the apexes of a triangle. The working distances of the two sampling lines are 30 and 40 m, and ⌬s, ⌬x, and L b are the same as above. Two focal spots are located on the latter sampling line with a separation of 16.8 m and the designed pattern is symmetric about the x axis. Figures 4(b) and 4(c) show the calculated and the experimental images, respectively, and they are in agreement with each other. The experimental FWHMs of the three focal spots from left to right are 855, 680, and 898 nm.
In conclusion, we have demonstrated the binary plasmonic method for launching the SPPs to a desired pattern. The BPSs, which are composed of binary pixelated grooves, are designed for this purpose by a simulated annealing algorithm. The experimental results show that the SPP distribution along one or two sampling lines can be controlled arbitrarily. It is possible to apply the method to more complicated sampling lines on the two-dimensional plane. The binary plasmonics provide a method to design the plasmonic couplers to connect far-field devices and plasmonic devices. More applications, such as optical trapping, can also be expected [15] .
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